Abstract. The purpose of the present study was to investigate the immune-enhancing activity of Kombucha. In immunosuppression experiment, the immune-enhancing effect of Kombucha in immunosuppressive mice was performed.It was showed that Kombucha at high and medium doses doses was able to overcome the CY-induced immunosuppression, significantly improves the body weight, the count of white blood cell, increases the thymus and spleen indices, enhances lymphocyte proliferation activity and peritoneal macrophage function, improves natural killer cells activity compared with negative control group. In addition, the different dose of Kombucha could significantly enhance the activity of alkaline phosphatase (AKP), superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-PX) in blood serum. Therefore, the Kombucha could be an effective immunomodulatory agent.
Yangtze River Pharmaceutical (Group) Co., Ltd. Assay kits for alkaline phosphatase (AKP), superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-PX) were all obtained from Nanjing Jiancheng Bioengineering Institute (Nanjing, Jiangsu Province, China) and all the other chemicals used in the present study were of analytical grade.
Preparation of Kombucha
8 grams of black tea was added to a litre of water, and boiled for 100 minutes. Then the solution was filtered by a sterile sieve, adding water to 1 L line. 56 grams sugar was added to it. The solution was added into 5 flasks (250 mL) and sterilized at 121 °C for 20 min. When it was cooled to room temperature, the Kombucha was added into flasks (10% v/v). After that, the flask was cultured by shaking bed at 30 °C for 4 days. Fermentation broth were frozen at -50 °C to -60 °C before subjecting to lyophilization. The lyophilized product of Kombucha was stored at -20 °C.
Experimental animals
The experiment was conducted on Male BALB/c mice (a total of 72 mice) at aged 8 weeks old (20 ± 2 g), which were purchased from the Tianjin Hematonosis Hospital, (Tianjin, China). The mice were housed in the cages in the SPF Laboratory Animal room of Tianjin University of Science and Technology, ambient temperature is 22 ± 2 °C and relative humidity is 40-60%with 12 hlight/12 h-dark cycle. The mice were fed pellet diet and water ad libitum. The animals were approved by the Animal Care and Use Committee, and all of the animal facilities and experimental procedures were carried out according to the Technical Standards for Testing & Assessment of Health Food (2003) .
After acclimatized to environment for 1 week, these mice were randomly divided into six groups (12 for each). Immunosuppressive mice were established by intraperitoneally injection of 80 mg/Kg/BW/d cyclophosphamide (CY) for 3 days. Normal control group, negative control group and positive control group were treated with physiological saline solution and astragalus essence oral liquid (80 mg/Kg/BW/d); the experiment groups were treated with Kombucha for successive 12 days. Three experimental groups were treated with the lyophilized product of Kombucha at low (2 mg/kg/d), medium (4 mg/kg/d) and high (8 mg/kg/d) does, respectively.
Determination of organ index and white blood cell count 2.4.1 Determination of organ index
The mice were weighted and fasted overnight before the end of the experiment. The spleen, liver and thymus were excised after sacrificed, the spleen and thymus were weighted after being washed with physiological saline solution and dried with filter paper. The spleen and thymus index were calculated according to the formula： Organ index (mg/g) = weight of organ / body weight.
Determination of white blood cell count
20 μL blood was added to 380 μL white blood cell diluent (1.5 mL Glacial acetic acid was mixed with 1 mL 1% Gentian Violet then adjusted to 100 mL) to calculated the white blood cell count by a blood count board [8] .
Effect of macrophage phagocytic function on neutral red
All the operations were performed in aseptic condition. The mice were cervical decapitation soaked in 75% alcohol for 5 min after sacrificed. 10 mL cold PBS was injected into the abdominal cavity, the peritoneal fluid were sucked out to sterile tube after kneaded abdomen for 1-2 min. The peritoneal fluid was centrifuged at 1000 r/min for 5 min at 4 °C and the peritoneal macrophages were collected. The cells were suspended in RPMI 1640 medium, which was supplemented with 10% new-born bovine serum, to a final density of 2×106 cells/ml. Macrophages were cultured in 5% CO2 atmosphere at 37 °C for 3 hours in a 96-well plate (100 μL/well). The supernatant could be discarded after the cells attached was observed under an inverted microscope. 0.1% neutral red dye solution was added into each well and cultivated 3 hours. The excess of neutral red dye was removed by washing with PBS for 3 times and the cell lysate was added into each well (100 μL/well), overnight at 4 °C. The absorbance at 540 nm was measured on enzymatic-reader. The phagocytic activity of peritoneal macrophages in mice as calculated according to the following formula: α = OD experimental well -OD zero adjusting well
The Measurement of natural killer (NK) cells activity
The spleens was gently grinded and crushed on stainless steel screen (200 mesh) then homogenized with RPMI1640 medium. The single-cell suspension was collected according to a previous method [9, 10] . The red blood cells were removed by the addition of red blood cell lysis buffer (1 mL) and incubation at room temperature for 3-5 min, the erythrocyte lysis reaction was terminated by the addition of 1 mL new-born bovine serum, the splenic lymph was collected after a centrifugation at 1500 r/min for 10 min. The splenic lymph and murine liver cancer cell were suspended in RPMI 1640 medium supplemented with 10% new-born bovine serum to a final density of 2×106 cells/mL and 1×105 cells/ml, respectively. In a 96-well plate, was added to target cells and effector cells 100 μL each well were mixed in experiment well (OD1); was added to effector and medium 100 μL were mixed in the control well of effector cells (OD2) each well; the target cells were used instead of effector in the control well of target cells (OD3). 10 μL of MTT (5 mg/mL) were added to culture solution and cultured in 5% CO2 atmosphere at 37 °C for 4 hours. The supernatant was discarded after centrifuged at 1000 r/min for 10 min, 100 μL of DMSO was added and shaken fully until the crystals dissolved. The absorbance at 570 nm was measured on enzymatic-reader. The natural killer (NK) cells activity as calculated according to the following formula:
Detection of lymphocyte proliferation activity of the spleen
Preparation method of spleen cells with 2.6. The cells were suspended to a final density of 2×107 cells/ml in RPMI 1640 medium supplemented with 10% new-born bovine serum and added 100 μL each well in a 96-well plate respectively in accordance with the method. Each mice was set up the control group, the group of T lymphocytes activated by ConA and the group of B lymphocytes activated by LPS, all determinations were conducted in triplicate. The control group was added to RPMI-1640 medium and spleen cells, 100 μL/well; the group of T lymphocytes activated by ConA was added to ConA solution and spleen cells; the group of B lymphocytes activated by LPS was added to LPS solution and spleen cells. And then cultured in 5% CO2 atmosphere at 37 °C for 40 hours, after that cultured 4 hours with 10 μL 5 mg/mL MTT each well. The supernatant was discarded, added DMSO 150 μL each well and shaken fully until the crystals dissolved. The absorbance was measured on enzymatic-reader at 570 nm. The stimulation index (SI) cells activity as calculated according to the following formula: SI = OD control group / OD experiment group
Detection of blood serum biochemical indicators in mice
The mice pick eye take blood, the sample was centrifuged at 3000 r/min for 10 min at 4 °C, after that the supernatant was stored in the -20 °C refrigerator to be measured. The kits instructions were followed to detect enzyme activities.
Statistical analysis
All data were analysed using statistical software SPASS19.0 and the difference was considered significantly if p < 0.05. The single factor analysis of variance by ANOVA and multiple comparison test by Duncans. The data was presented as mean ± standard deviation.
Results

Effects of Kombucha on the body weight
A reduced immune regulation level caused by CY resulted in the loss of body weight. Data are expressed as mean ± standard deviation (n=12). Means not sharing a common superscript a -c differ significantly at p < 0.05. As shown in Table 1 , the body weight of negative control group significantly decreased (p < 0.05), compared with normal control group. The mice treated with Kombucha exhibited significantly increases (p < 0.05) on body weight compared with negative control group. The experiment groups performed no significant enhancement compared with positive control group (p > 0.05).
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The changes of organ index
The effects of Kombucha on the organ index were showed in Fig.1 . Figure. 1 The changes of thymus and spleen index. Data are expressed as mean ± standard deviation (n=12). Means not sharing a common superscript a -d differ significantly at p < 0.05. In normal control group, the levels of thymus index and spleen index have a significant increase and decrease (p < 0.05), compared with negative control group. Thymus index were significantly increased (p < 0.05) in high dose group, whereas other groups treated with Kombucha exhibited no significantly increase compared with negative control group. Spleen index were significantly decreased (p < 0.05) in medium dose and high dose group compared with negative control group. The organ index in positive control group changed no significant difference was observed in positive control group. Figure. 2 Effect of Kombucha on white blood cell amount. Data are expressed as mean ± standard deviation (n=12). Means not sharing a common superscript a -e differ significantly at p < 0.05. Fig.2 , compared with normal control group, the white blood cell amount of negative control group significantly decreased (p < 0.05), indicated that the hematopoietic system and immune cells were damaged. There was a significant decrease (p < 0.05) in amount of white blood cell of positive control, Kombucha-treated groups compared with negative control group. The white blood cell amount in immunosuppressive mice treated with Kombucha (medium and high dose group) were significantly higher compared with positive control group. Fig.2a illustrated that the Kombucha played a certain role in the recovery on immune function in immunosuppressive mice induced by cyclophosphamide.
Effect of Kombucha on white blood cell amount in CY-induced immunosuppressive mice
It was shown in
Effect of Kombucha on phagocytosis of peritoneal macrophages in CY-induced immunosuppressive mice
Figuer.3 Effect of Kombucha on phagocytosis of peritoneal macrophages. Data are expressed as mean ± standard deviation (n=12). Means not sharing a common superscript a -e differ significantly at p < 0.05. Fig.3 illustrated that the absorbance value level were significantly decreased in negative control group (p < 0.05), compared with normal control group. However, the absorbance level were significantly increased in high dose group (p < 0.05) compared with negative control group. But the phagocytosis of peritoneal macrophages in positive control group exhibited no significant difference compared with negative control group (p > 0.05). The results showed that Kombucha enhanced the phagocytic activity of peritoneal macrophages in CY-induced immunosuppressive mice. Figure. 4 Effect of Kombucha on activity of natural killer cells and the proliferation level of splenic lymphocyte in CY-induced immunosuppressive mice. Data are expressed as mean ± standard deviation (n=12). Means not sharing a common superscript a -e differ significantly at p < 0.05. NK cells cytotoxicity in CY-induced immunosuppressive mice were showed in Fig.4 . Compared with normal control group, NK cells cytotoxicity of negative control group was significant decreased (p < 0.05), indicated that the model of immunosuppression was established. NK cells cytotoxicity in Kombucha-treated groups were significantly improved in a dose dependent manner.
Effect of Kombucha on NK cells cytotoxicity in CY-induced immunosuppressive mice
Compared with negative and positive control group. These results indicated that Kombucha strengthened the activity of natural killer cells on hepatocellular carcinoma.
Effect of Kombucha on splenocyte proliferation in CY-induced immunosuppressive mice
Figure.5 Effect of Kombucha on the proliferation level of splenic lymphocyte in CY-induced immunosuppressive mice. Data are expressed as mean ± standard deviation (n=12). Means not sharing a common superscript a -e differ significantly at p < 0.05. The effects of Kombucha on the proliferation levels of T lymphocyte and B lymphocyte were showed in Fig.5 . Compared to normal control group, negative control was significantly decreased (p < 0.05). This proliferation levels of T lymphocyte and B lymphocyte in Kombucha-treated groups was found to be increased (p < 0.05) compared with negative control group. Meanwhile, the experiment groups were increased in a dose-dependent manner compared with positive control group. These results indicated that the immune-enhancing effect of Kombucha may be related to its enhancement on proliferation levels of T lymphocyte and B lymphocyte. Data are expressed as mean ± standard deviation (n=12). Means not sharing a common superscript a -c differ significantly at p < 0.05 The activities of GSH-PX, AKP, SOD and CAT of blood serum were presented in Table 2 . Compared to normal control group, negative control was significantly decreased (p < 0.05). The results showed that the activities of GSH-PX, AKP, SOD and CAT of blood serum in Kombucha treated groups were improved to different degrees compared with negative control group (p < 0.05).
Effect of Kombucha on enzymatic activity of blood serum in CY-induced immunosuppressive mice.
Discussion
Kombucha is a beverage that contains many beneficial substances. It is confirmed that Kombucha has a variety of effects on the human health. In the present study, we have attempted to illustrate efficacy of Kombucha in CY-induced immunosuppressive mice.
The white blood cell is an important part of the body's defence system, which includes all kinds of granulocyte, lymphocyte and single cells. The effect of alkylation on cyclophosphamide and DNA cells, formation of cross links can inhibit growth of tumour cell. In addition, this effect can inhibit and damage the hematopoietic system and immune cells, resulting in the declined of white blood cell count and immune function reaction [8] . This study found that different dose of Kombucha could enhance the white blood cell count respectively, indicated that Kombucha can inhibit the damage of cyclophosphamide on hematopoietic system and immune cells, eliminate invading pathogens and allergens in different ways and mechanisms, and regulate the body's immune function.
The spleen and thymus are important immune organs in mammals [11] . Spleen and thymus indexes can directly reflect the level of immune functions in the body, and effects of drugs on the spleen index and thymus index can be used as the preliminary indicators for the study on immunopharmacological mechanisms in animals [12] . The weight of thymus and spleen reflected the immune level in a certain extent. After mice was injected CY, their immune function was damaged. Compared to thymus involution and thymus index decreased, spleen enlargement and spleen index increased. The reason might be that the immune function of mice was inhibited, and the spleen compensatory increased so that the spleen index increased. This indicated that Kombucha could protect the thymus and spleen in CY-induced immunosuppressive mice, thereby enhanced the function of body's immune system.
Macrophages could be involved in nonspecific immunity, humoral immunity and cellular immunity, it also could be used as antigen-presenting cells. Activated macrophages not only participate in both specific immune and non-specific immune reactions but also serveas the "bridge cell" of these two types of immune reactions [13] . The phagocytosis of macrophage was an important indicator that could measure the level of humoral immunity [14] . The results showed that Kombucha could enhance the immune function by improving the phagocytic activity of peritoneal macrophage on cell debris and pathogens.
Natural killer cells is one of the most important immune cells existing in the spleen, it is neither require specific participation, nor need non-specific antigen sensitized killer cells. The main target of natural killer cells are cells injected by virus tumour cells, autologous cells and parasites, so it is an important part of anti-tumour and anti-infection system to humoral immunity [9] . The results showed that the different doses of Kombucha could increase the ability of natural killer cells against hepatocellular carcinoma in a dose-dependently manner.
The spleen is not only an important site of immune response, but also the largest immune organ. The proliferation of T and B lymphocyte are simulated with ConA and LPS as mitogen. After antigen is stimulated, T and B lymphocyte could produce specific immune response, it is called antigen specific lymphocyte or immunocompetent cells. In the immune response, it is the mutual cooperation and restriction between all kinds of lymphocyte and subsets that completed the identification, response and elimination of hazardous and alien substance, maintaining the internal environment stable [15] . Results showed that treatment with Kombucha could promote the recovery of splenocyte proliferative responses to both T and B lymphocytes in CY-treated mice organisms and that this response is dose-dependent. Compared with the result of phagocytosis of peritoneal macrophages, NK cells cytotoxicity and proliferation levels of lymphocyte, we could see that Kombucha stimulated macrophages and T lymphocytes to release cytokines, which effected on natural killer cells and enhanced its activity. This result was consistent with Ishikawa's [16] .
GSH-Px is an enzyme that can reduce toxic peroxides to hydroxyl compounds with low toxicities to protect cells from being damage of the peroxides to maintain the structure and function of normal cells [17, 18] . SOD can reduce the level of intracellular superoxides by catalyzing the conversion of superoxide radicals to molecular oxygen and peroxide hydrogen [19, 20] . AKP is an important enzymes of metabolic regulation in organism that can be directly involved in the physiological process of transfer and metabolism of phosphate groups, it also plays an important role in immune reaction in human body. CAT is one of the key enzyme to scavenge oxygen free radicals in the body's defence system that can cause disproportionation decomposition of H2O2, protecting cells from being damaged by the oxygen free radicals, and reducing the cell apoptosis induced by oxidative stress [21] . The results showed that the different dose of Kombucha could significantly enhance the activity of GSH-PX, SOD, AKP and CAT. In addition, Kombucha could alleviate the body injury of CY-induced immunosuppressive mice by enhancing the activity of antioxidant enzyme and reducing the damage of immune system by oxidative stress.
Conclusion
The daily administration of hygienic conditioned Kombucha to CY-induced experimental mice shows pronounced beneficial effects as immune as it shows significant increased on the levels of the body weight, the count of white blood cell, the organ index of thymus and spleen, the phagocytosis of peritoneal macrophages, natural killer cells cytotoxicity and the proliferation level of splenic lymphocyte which was decreased up on cyclophosphamide (CY) treatment and also significantly reversed the altered the enzyme activities of GSH-PX, SOD, AKP and CAT. The present study gives an indication that Kombucha can enhance the ability of body immunity in CYinduced immunosuppressive mice, and can effectively resist the aging and disease caused by oxidative stress. Meanwhile, the effect of Kombucha on enhancing immunity significantly higher than the effect of astragalus essence oral liquid. The precise mechanism and detailed composition of Kombucha are still to be determined, to promote Kombucha as an effective functional food in the prevention and treatment of immune diseases.
